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5 TECHNICAL FIELD 

The present invention relates to a method of 
manufacturing an analytical tool used for analyzing a 
specific component contained in a sample . Specifically, the 
analytical tool to be made includes a reagent member provided 
10 with a reagent that reacts with the specific component. 

BACKGROUND ART 

A known example of sample-analyzing methods employs 
an optical technique for analyzing reaction liquid resulting 

15 from the reaction between the sample and a reagent- In 
analyzing a sample with such an technique, use is made of 
an analytical tool that provides a reaction field. In 
particular, to analyze a small amount of sample, a micro 
device formed withanarrowflowpathisusedas the analytical 

20 tool. The reaction between the sample and the reagent on 
the analytical tool can be caused by supplying the sample 
to a reagent member formed on the analytical tool. 

The reagent member of the analytical tool is formed 
by providing a reaction site 90 with material liquid 92 

25 containing the reagent, as shown in Fig. IIA, and then drying 
the material liquid 92, as shown in Fig. IIB. Typically, 
as shown in Fig, llA, useis made of a dispenser 91 for supplying 



the material liquid 92 to the reaction site 90. The material 
liquid 92 can also be supplied using an inkjet-type dispenser 
(refer to JP-A-2000-229245, for example) . 

In the above-described method of forming the reagent 
5 member, the drying of the material liquid 92 held in the 
reaction site 90 proceeds in a manner such that the material 
liquid 92 evaporates actively at the central part of the 
reaction site 90 ^ thereby increasing the density of the solid . 
On the other hand, in a micro device with a very narrow path 

10 including the reaction site 90, the material liquid 92 comes 
into contact with the side surfaces 90a of the reaction site 
90 and remains there, even in drying, due to the surface 
tension (capillary action) of the mater ial liquid 92 . Thus, 
the evaporation rate in drying the material liquid 92 is 

15 greater for the material liquid 92 at the central part of 
the reaction site 90 than for the material liquid 92 at the 
circumferential part of the reaction site 90. As a result, 
as shown in Fig. IIB, the resultant reagent member 93 has 
a smaller thickness at the central part and a larger thickness 

20 at the circumferential part contacting with the side surface 
90a. In other words, with the analytical tool such as a micro 
device, the method of forming the reagent member 93 using 
the dispenser 91 gives rise to irregularities in the thickness 
of the reagent member 93. Moreover, when the reagent member 

25 93 is dissolved, the density of the reagent over the reaction 
site varies- 

A solution to this problem may be, as shown in Fig. 
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12, to use a pressure rod 94 for putting pressure on the 
surface of the material liquid 92 held in the reaction site 
90, and in this state, to dry the material liquid 92 for 
forming the reagent member (refer to JP-A-H9-1012 97 , for 
5 example) . 

By drying the material liquid 92, with the surface of 
the material liquid 92 pressurized by the pressure rod 94, 
the reagent member may have a uniformed thickness over the 
contacting area with the pressure rod 94, thereby preventing 

10 the variation in the concentration of the reagent. However, 
as shown in Fig. 12, if the surface of the material liquid 
92 is pushed only at the central portion of the reaction 
site 90, the circumferential part at the reaction site 90 
may have a thickness larger than at the central part, as 

15 when the pressure rod 94 is not used. 

In order to minimize the thickness irregularities, the 
size of the pressing portion 94a of the pressure rod 94 should 
be close to the size of the reaction site 90. However, as 
noted above, the reaction site 90 of the micro device is 

20 small. Thus, forming a pressing portion 94a having a size 
close to that of the reaction site 90 requires the attainment 
of close tolerance. Due to this, the production of the 
pressure rod 94 becomes difficult, and disadvantageous in 
terms of production cost. Further, the reagent member of 

25 the micro device may be formed as a thin layer having a 
thickness of no greater than lOum. With such a reagent member, 
to prevent irregularities in thickness, it is necessary to 



maintain a high level of parallelism in pushing the surface 
of the material liquid 92 between the bottom surface 90b 
of the reaction site 90 and the pressing portion 94a. To 
meet this requirement, the pressure rod 94 needs to be made 
5 with high processing accuracy. In addition, the pressure 
rod 94 also needs to be positioned with high accuracy in 
pressurizing the material liquid 92. Accordingly, the 
surface pressurizing technique with respect to the material 
liquid 92 by using the pressure rod 94 is disadvantageous 
10 for forming a reagent member in terms of workability and 
ope rationality . 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a method 
15 of manufacturing an analytical tool having a reagent member, 
whereby even a small reagent member can be made at low cost 
and with minimum irregularities in thickness. 

According to the present invention, there is provided 
a method of manufacturing an analytical tool, the method 
20 comprising a reagent member forming process for providing 
a base plate with a reagent member containing a reagent that 
reacts with a specific component contained in sample liquid. 
The forming process includes a plurality of applying and 
drying steps in which material liquid containing the reagent 
25 is applied and then the material liquid is dried. 

The plurality of applying and drying steps may be 
performed 2-200 times with use of material liquid containing 



the same reagent . The material liquid may contain 0 . l-60wt% 
of reagent. 

The analytical tool to be made by the method of the 
present invention may include a base plate provided with 
5 a reagent holding portion at which a reagent member is formed. 
In such an instance, the reagent holding portion may be formed 
as a recess having a bottom surface and a side surface, and 
the reagent member may be formed in contact with the bottom 
surface of the reagent holding portion. The reagent holding 

10 portion may have a depth of 50-200iam, for example. 
Preferably, the reagent member may be formed apart from the 
side surface of the reagent holding portion. Thus, the 
material liquid is applied to an area of the bottom surface 
apart from the side surface by a constant distance. The 

15 distance between the side surface and the area applied with 
the material liquidmaybe no smaller than 0 . Ipm. The reagent 
holding portion may have a volume of 0.05-5|iL, for example. 

Preferably, the material liquid may be applied with 
use of an inkjet-type dispenser. The dispenser may be 

20 designed to disp ense a droplet of 10— 2000pL. In such an 
instance, the application of the material liquid may be 
performed by using the dispenser in a manner such that a 
plurality of droplets are attached to an application target 
portion. The amount of the material liquid applied in each 

25 of the applying and drying steps may be l-200nL. 

The drying process of the material liquid may be attained 
by supply of heat energy for example. The heat energy may 
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be supplied by utilizing a radiant heat by irradiating 
infrared rays to be applied from above the material liquid, 
or by holding a heat source in contact with the rear surface 
of the base plate. Of course, the material liquid may be 
5 dried by air blowing. 

A thin layer having a thickness of 0.1-5.0vim may be 
formed in each of the applying and drying steps. The 
resultant reagent member may be formed to have a thickness 
of 1.0-50. 0pm after the reagent member forming process is 

10 completed. 

The analytical tool to be made by the method according 
to the present invention may include a reagent member formed 
by laminating a plurality of reagent layers containing 
different reagents . The present invention may also employed 

15 to make an analytical tool provided with an assembly of 
separate reagent members containing different reagents, or 
to make an analytica'l tool provided with a plurality of reagent 
members that contain different reagents and are spaced from 
each other in a plane. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overall perspective view illustrating an 
example of an analytical tool made by a producing method 
according to the present invention. 
25 Fig. 2 is a sectional view taken along lines II-II in 

Fig. 1. 

Fig. 3 is an overall perspective view illustrating a 



aggregate plate^ and an enlarged sectional view illustrating 
a principal part of the aggregate plate. 

Fig. 4 .is an overall perspective view illustrating the 
aggregate plate formed with reagent members at reagent 
5 holding portions. 

Fig. 5 is a perspective view illustrating a principal 
part of a dispenser and a sectional view illustrating a 
principal part of the aggregate plate, for illustrating a 
coating process of the material liquid to the reagent holding 
10 portions. 

Fig. 6A is a sectional view illustrating a principal 
part of the aggregate plate applied with the material liquid 
at the reagent holding portions. Fig. 6B is a sectional view 
illustrating a principal part of the aggregate plate in which 
15 the material liquid is dried. 

Fig. 7 is a sectional view illustrating a principal 
part of the aggregate plate where the reagent member is 
f inished . 

Fig. 8 is an overall perspective view showing an 
20 analytical tool collection for illustrating a fitting 
process of a cover sheet. 

Figs. 9A and 9B are views illustrating another examples 
of the analytical tool made by the method of the present 
invention . 

25 Figs. lOA and lOB are views illustrating additional 

examples of the analytical tool made by the method of the 
present invention . 



Fig. 11 is a sectional view illustrating an example 
of a forming procedure of the reagent member of a conventional 
analytical tool. 

Fig. 12 is a sectional view illustrating another example 
5 of the forming procedure of the reagent member of a 
conventional analytical tool. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention relates to a method of 

10 manufacturing analyzing tools. Before the description of 
the method^ an example of the analyzing tool made by the 
method is described referring to Figs. 1 and 2. 

Figs. 1 and 2 illustrate an analytical tool 1 which 
is a micro device adapted for analyzing a very small amount 

15 of sample. In the analytical tool 1, the sample liquid is 
caused to move by capillary action, and provides a reaction 
field. The analytical tool 1 includes, a base plate 2 formed 
with a very narrow path 20 and a cover 3 arranged on the 
base plate for covering the path 20. The path 20 includes 

20 a liquid receiving portion 21 and a reagent holding portion 
22, and is open at an end face 10 of the analytical tool 
1 . The reagent holding portion 22 is provided with a reagent 
member 4 containing a reagent that reacts with a specific 
component in the sample liquid. The cover 3 is formed with 

25 an inlet port 30 communicating with the liquid receiving 
portion 21 of the base plate 2 for introducing the sample 
into the, path 20 . 



Next, an example of method for producing the analytical 
tool according to the present invention is described with 
reference to Figs. 3-8. 

First, an aggregate plate 5 shown in Fig. 3 is prepared. 
5 The aggregate plate 5 comprises a plurality of base plate 
forming areas .50 comparted by virtual cutting lines LI, L2 . 
Each base plate forming area 50 is formed with a path 20 
including a reagent holding portion 22. The reagent holding 
portion 22 has a depth Dl of 50-200iamanda volume of 0. 05-5 laL, 
10 for example. The aggregate plate 5 may be made by molding 
a resin material. Alternatively, the aggregate plate 5 may 
be made by laser processing or etching with respect to a 
resin board. 

Next, as shown in Fig. 4, each reagent holding portion 
15 22 of the aggregate plate 5 is provided with a reagent member 
4. The reagent member 4 may be made by repeating a coating 
and drying procedure whereby material liquid is applied to 
the reagent holding portion 22 and then dried. 

As shown in Fig. 5, the coating process of the material 
20 liquid is performed by an inkjet-type dispenser 6. The 
dispenser 6 is designed to dispense a droplet of 10-2000pL, 
for example . Withuseofthe dispenser 6 for material liquid 
application, droplets 60 of the material liquid are dispensed 
from the dispenser 6 while the dispenser 6 is moved, so that 
25 a number of droplets 60 are applied to the bottom surface 
22A of each reagent holding portion 22. In accordance with 
this coating method for material liquid, it is possible to 



apply the material liquid to a region that is apart from 
the side surfaces 22b of the reagent holding portion 22 by 
a constant distance (a region of the bottom surface 22A of 
the reagent holding portion 22 except a peripheral area) . 
5 Fig. 6A illustrates an example where the material liquid 
is applied on an area apart from the side surface 22B^ where 
the distance D2 between the area to be coated with the material 
liquid and the side surface 22B is no smaller than O.ljim, 
for example. 

10 The drying of the material liquid may be performed by 

heating or air-blowing. In the embodiment of the present 
invention, the material liquid, which is desirable to be 
dried within as short time as possible, can be dried within 
about 0.5-30 seconds by supplying heat energy, for example. 

15 The heat energy is supplied by applying radiant heat from 
above the sample liquid, for example. The radiant heat is 
applied by irradiating rays such as infrared rays or 
near-infrared rays, using an oscillator for oscillating 
infrared rays or near-infrared rays. Of course, a ray of 

20 wavelength different from infrared rays or near-infrared 
rays can be irradiated to apply radiant heat to the sample 
liquid. The heat energy can also be supplied by heat 
conduction from a heat source held in contact with the rear 
surface of the aggregate plate 5. 

25 The drying of the material liquid produces a thin layer 

40 having a thickness Tl smaller than that of the applied 
material liquid, as shown in Fig. 6B, due to the evaporation 

10 



of the moisture contained in the material liquid. 

In the present embodiment, the material liquid is 
prepared by dispersing a reagent in a solvent. The 
concentration of the reagent in the material liquid is 
5 0.1-60wt%, for example. Water is typically used as the 
solvent. An organic solvent may be used depending on the 
kinds of the reagents. 

When the reagent holding portion 22 is formed to have 
the above-described depth Dl and volume (see Fig. 3), the 

10 amount of the material liquid applied in each coating-drying 
process is l-200nL, for example. In this case, as shown in 
Fig. 6B, the thin layer 40 having the thickness Tl of 0-l-5vim 
is formed at each coating-drying process . As described above, 
such coating-drying process is performed an appropriate 

15 number of times, typically 2-200 times. In this case, the 
reagent member 4 is formed to a thickness T2 of l-50iim (see 
Fig. 7) . 

Next, as shown in Fig. 8, a cover sheet 7 is adhered 
to the aggregate plate 5 to form an analytical tool collection 

20 8. Thereafter, the analytical tool collection 8 is cut along 
the cutting lines LI, L2 to make individual analytical tools 
1 shown in Figs. 1 and 2. 

In the above-described method, the forming procedure 
of the reagent member is divided into a plurality of steps 

25 of applying and drying material liquids. Thus, in each 
drying process, the material liquid is dried quickly to form 
the thin layer 40 as shown in Fig. 6B, and finally the reagent 



member 4 is formed of laminated thin layers 40 as shown in 
Fig. 7. The thin layer 40 formed in each coating-drying 
process has a small thickness and thus has less irregularities 
in thickness. Accordingly, the resultant reagent member 4 
5 also has less irregularities in thickness. 

In the present embodiment, the material liquid is. 
applied to the reagent holding portion 22 at a portion apart 
from the side surfaces 22B (see Fig. 6A) . In this way, as 
shown in Fig. 6B and 1, the material liquid is prevented 

10 from sticking to the side surfaces 22B in drying . As a result , 
the thin layer 40 has less irregularities in thickness, 
thereby reducing irregularities in thickness of the reagent 
member 4. The present embodiment is advantageous in 
utilizing the inkjet-type dispenser, which supplies a very 

15 small amount of droplet for applying the material liquid, 
so that the thin layer 40 is formed at the very , small reagent 
holding portion 22 without contacting with the side surface 
22B. 

According to the present invention, as understood from 
20 the above description, the thickness irregularities of the 
reagent member 4 can be reduced, even when the reagent member 
4 is very small. Thus, it is possible to achieve uniformity 
in the concentration of the reagent member 4 when the member 
is dissolved by the supplied sample. This advantage can be 
25 obtained without performing the conventional drying process 
of the material liquid where the material liquid is 
pressurized by a pressure rod. Thus, in accordance with the 



above-descried method, the reagent member 4 and hence the 
analytical tool 1 can be manufactured at advantageously low 
costs, since there is no cost for producing a pressure rod 
and no need to operate a pressure rod precisely, 
5 The production method according to the present 

invention is applicable not only to the production of the 
analytical tool 1 shown in Figs. 1 and 2, but also to other 
.types of analytical tools provided with reagent members. 
Other typical examples to which the present invention is 
10 applicable are shown in Figs. 9A-9B, and Figs. lOA-lOB, for 
example. 

In the analytical tool lA. shown in Fig. 9A, the reagent 
member 4A has a stacking structure, at the reagent holding 
portion 22, which is composed of first and second reagent 

15 layers 4Aa, 4 Ab containing di f ferent reagent s , respectively. 
The second reagent layer 4Ab is laminated on the first reagent 
layer 4Aa via a water-soluble separation layer 4Ac. The 
separation layer 4Ac, typically formed of CMC 
( carboxymethylcellulose) , prevents the reagent of the first 

20 reagent layer 4Aa and the reagent of the second reagent layer 
4Ab from blending before the sample is supplied to the reagent 
holding portion 22. In the analytical tool lA, when the 
sample is supplied to the reagent holding portion 22, the 
reagent of the first reagent layer 4Aa, the reagent of the 

25 second reagent layer 4Ab and the sample react. A production 
method similar to the above-described method may be applied 
to the analytical tool lA for forming the reagent layers 
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4Aa, 4Ab. 

The analytical tool IB shown in Fig . 9B includes a reagent 
member 43 made up of several kinds of separate reagent members 
4Ba, 4Bb, 4Bc (three kinds in the figure) . In the figure, 
5 for convenience of illustration, the size of each reagent 
member 4Ba, 4Bb, 4Bc is significantly exaggerated. In the 
reagent holding portion 22, the reagent members 4Ba, 4Bb, 
4Bc may overlap with each other. Such a reagent member 4B 
can be formed by applying and drying a material liquid 
10 including a first reagent, and then applying and drying a 
material liquid including a second reagent, and finally 
applying and drying a material liquid including a third 
reagent . 

The analytical tool IC shown in Fig. lOA includes a 
15 plurality of reagent members 4Ca, 4Cb, 4Cc containing 
different reagents and being formed apart from each other 
in a plane. The analytical tool ID shown in Fig. lOB is not 
formed with a recess (reagent holding portion) , but provided 
with a plurality of reagent members 4D on a base plate whose 
20 surfaces are flat. For the analytical tools IC and ID again, 
a manufacturing method similar to the one described above 
may be employed to produce the reagent members 4Ca, 4Cb, 
4Cc and 40. 
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